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By the time most children enter school, they possess a rudimentary knowledge of the number system. Empirical interest in the origins of this knowledge extends to the early 1900s (e.g., Beckmann 1924; Descoeudres 1921).
Most of this early research focused on older preschool children and was concerned with how informal learning and parental training led to a knowledge of counting and related processes, such as the understanding of addition and subtraction.
More recently, research interest has extended to younger children between the ages of 2 and 4. Several studies have revealed that even these younger children demonstrate some knowledge of basic number concepts and are able to estimate the numerosity of arrays smaller than four to five items. This estimation ability, which Descoeudres (1921) has aptly described as the un, deux, trois, beaucoup phenomenon is quite robust and has been found to hold in a variety of tasks, such as (a) studies of estimation of numerosities (Chi & Klahr 1975 These studies have led Gelman and her colleagues (e.g., Gelman 1972; Gelman & Gallistel 1978) to classify number abilities into two categories. First, number abstractors (or estimators) are those processes which enable a child to obtain either an exact or an approximate representation of the numerosity of an array. Second, number reasoning principles (or operators) include those processes which enable a child to define the outcomes of manipulating sets in various ways. The development of number abstraction abilities is assumed to occur ontogenetically prior to and provide the foundation for the development of the ability to use number reasoning principles.
Although this assumption is generally accepted, the specific process or processes involved in the young child's ability to represent numerosity of arrays is a question of current debate. Klahr and Wallace (1976) hypothesize that the development of both counting and estimating abilities is dependent on subitizing, a rapid perceptual process of "immediate apprehension" of the numerosity of an array. Consequently, this suggests that the ability to abstract numerosities is an innate process; the later-developing ability to count requires, in addition, a socially transmitted The xesearch presented in this paper was supported in part by a grant from This technique is also well suited to study the effect of homogeneous/heterogeneous item sets in each category on numerosity estimation abilities. Two conditions were studied. In the first (homogeneous condition) the item type and number remained invariant, while the size and position of the stimuli varied. In the second (heterogeneous condition) only number remained invariant, while item type, size, and position varied. With infants, it could be argued that the heterogeneous condition contains more potentially distracting features (varying item type as well as size and position) and, as a result, may be more difficult. On the other hand, it is known that infants are very skilled at abstracting invariant perceptual information. It could be argued, therefore, that the heterogeneous condition would be easier because the infant's attention is being directly focused toward the only invariant information, that is, numerosity.
The purposes of this study were twofold: (1) To extend the study of abstraction of numerosity of an array to children under 2 years of age in order to determine whether preverbal infants (who cannot be said to count) can distinguish between numerosities of arrays when all variables (e.g., density, brightness) correlated with numerosity are controlled. (2) To determine the effect of homogeneity/heterogeneity of items in an array on infants' perceptions of numerosity.
Method
Subjects.-The subjects were 96 infants (48 males and 48 females) between 10 and 12 months of age (M = 340 days, SD = 44 days). All infants were healthy, full-term babies with no history of medical or visual problems.
Procedure.-Infants were tested in a single session lasting approximately 15 min. Testing took place in a 1.33 x 2.11-m enclosed space constructed of plywood painted black with a black drape opening. During testing, the room was dark with the exception of three very dim lights mounted on top of the front partition of the enclosed space. The infant sat on his or her parent's lap and was situated approximately 70 cm from the front panel of the enclosed area. A .64-cm peephole in the center of the partition allowed an observer on the other side of the partition to view and record corneal reflections of the stimuli. The stimulus slides were projected on a 30.5-cm square rear-projection glass, the center of which was located 30.5 cm to the right of the observation hole. Located 30.5 cm to the left of the hole was a red, blinking light.
An infant-controlled habituation procedure was employed. All trials began when the infant looked at the blinking light. Upon looking, the blinking light was terminated and simultaneously a stimulus slide was projected. The infant was permitted one unlimited look at the stimulus. When the infant ceased to fixate the stimulus, the slide was terminated and the blinking light turned on to begin the next trial. Stimuli.-In order to ensure that numerosity was the only cue for discrimination and to rule out all other explanations of such discrimination (i.e., density, brightness, contour, area), during habituation the size and position of the items in each array were randomly varied in both experimental conditions. In order to vary position, each of the appropriate number of items was placed randomly upon a 4 x 4 matrix of possible placements. This resulted in a series of arrays which precluded discrimination on the basis of any simple configurational similarity among the slides. Size was varied in two ways in the He condition. First, the items themselves varied in size. Second, in both the Ho and He conditions, item size was varied by photographing the arrays from one of six randomly determined distances. These manipulations resulted in a wide range of visual angles (2-7 degrees) and controlled for cues correlated with numerosity, that is, density, brightness, area, contour.
During habituation, a set of five different slides was repeatedly shown in the same order until the infant had reached a criterion of habituation. Although it was recognized that, in order to rule out the unlikely possibility of discrimination on the basis of specific pattern learning, it would be advantageous to alter each of the arrays until the infant reached criterion, the decision to use a limited number of different arrays was made to increase the probability of reaching the criterion of habituation. It is important to note that, in both the He and Ho conditions, since both the familiar (N) and novel (N + 1 or N -1) 
Results
In order to analyze the results, the infants' total fixations during the two test trials which contained the familiar numerosity were combined and compared with their total fixations during the two test trials which contained the novel numerosity. An initial five-way ANOVA of these looking times was performed. This analysis included the between factors of sex (male vs. of sex, condition, numerosity and trials, F(2,78) = 3.66, p < .03. This analysis also indicated that there were no reliable effects or trends as a result of type of discrimination (N + 1 vs. N -1) and, consequently, these data were combined in all subsequent analyses (e.g., 2-3 and 3-2, 3-4 and 4-3, 4-5 and 5-4).
In order to interpret this four-way interaction, it is helpful to consider the results of the 2-3, 3-4, and 4-5 discriminations separately. Figure 1 illustrates the amount of looking at the familiar and novel test slides in the 2 versus 3 discrimination task. As can be seen, and as verified by one-tailed t-tests which compared familiar versus novel trials, both male and female infants were able to discriminate two-item from three-item arrays. (One-tailed tests were used because differences were predicted in a particular direction, i.e., greater looking on novel trials than familiar trials, a standard finding in the literature.) In addition, this discrimination was made in both the Ho and He conditions. An ANOVA of this 2-3 numerosity data, which included the factors of sex, condition, and trials, confirmed that there were no significant differences between male and female infants, nor between He and Ho conditions. As expected, the main effect of familiar versus novel trials was significant, F (1,28) =--12.78, p < .001. Figure 2 illustrates the result of the 3 versus 4 discrimination task. In the Ho condition, the female infants were able to discriminate numerosity differences while the males were not. Conversely, in the He condition, the males were able to discriminate while the females were not. Predictably, an ANOVA of this 3-4 numerosity data indicated In summary, the analyses reveal that, regardless of condition, infants were able to discriminate between 2 and 3 items and unable to discriminate between 4 and 5 items. 
Discussion
The results of the present study have clearly indicated that preverbal infants can discriminate between small exact quantities and store some type of information related to numerosity. Infants perceived the difference between arrays which contained two and three items even when all perceptual cues other than numerosity were eliminated (e.g., density, brightness, area). The infants were not able to discriminate numerosity when tested with four versus five items.
While the infants also discriminated between arrays of three versus four items, conclusions about this result must be modified in light of the obtained sex x condition interaction. Although the data suggest no obvious explanation to account for this interaction, it is likely that the three versus four discrimination was more difficult than the two versus three discrimination, and it thus may have placed greater attentional demands on the infants. The interaction could then be explained by hypothesizing that male and female infants were differentially attracted to the Ho as opposed to the He stimuli. While the infants' overall looking during test trials provided some support for this speculation, there were no obvious differences in the male and female habituation data. However, it must be recognized that habituation indices are overt performance measures which may not directly reflect to what extent the infants are attending to or processing the different visual stimuli.
More importantly, these results demonstrate that some numerosities can be discriminated by infants even though they possess no knowledge of counting. In addition, this ability to discriminate may be affected by differential attentional preferences between homogeneous and heterogeneous arrays of stimuli. It is important to recognize that these results do not necessarily imply that the infant has a cognitive awareness of number and can "represent" numerosity. Two obvious explanations are currently being explored: (a) whether this ability to discriminate numerosity is an innate, perceptual skill (e.g., Klahr & Wallace 1976); or (b) whether the infant possesses some underlying cognitive awareness of small numbers (e.g., Gelman & Gallistel 1978) .
The search for the appropriate explanation can proceed in several different ways. First, one can investigate the application of number perception to other tasks which must involve some degree of cognitive awareness of number, for example, numerosity sequences. Langer (1980) has recently reported that by 1 year of age infants will sort objects into Child Development groups of equivalent quantities. Based on videotaped observations of infants' interaction with groups of objects, Langer has also observed what he calls protoaddition and protosubtraction in 6-month-old infants. These infants have been observed to play games where they bang an object once, then twice, and so on, thus demonstrating a numbered sequence. Such experimentation and play by infants might lead to a primitive awareness of number concepts.
Second, the ability to represent numerosity across sensory modalities can be explored. If numerosity can be discriminated auditorily as well as visually, this would point to a more cognitive awareness of number. Third, the extent to which perceptual features (e.g., pattern arrangement, size, etc.) interact with the ability to discriminate numerosity will help provide an explanation of the development of early number abilities. If the ability to discriminate numerosity were easily affected by alterations of size and/or arrangement, this would implicate a greater role of a perceptual skill.
Thus, the present study represents a significant beginning in the search for the origins of number concepts. Future research will focus on the nature and development of the ability of infants to discriminate numerosity.
